Daubechies Operator in Bargmann - Fock space (Time-Frequency Analysis and its applications) by 吉野, 邦生
Title Daubechies Operator in Bargmann - Fock space (Time-Frequency Analysis and its applications)
Author(s)吉野, 邦生




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Daubechies Operator in Bargmann - Fock
space
(Kunio Yoshino)
Faculty of Kiowledge Engiieering, Tokyo City Uinversnty
0. Introduction
Daubechies localization operator ( ) Iigrid
$Da\iota\iota bechne|s^{i}$ 1988
A Time Freque$7?.cy$ Localization Operator: A Geometric Phase Space
Approach,
IEEE. Trans. Inform. Theory. vol.34, pp.605-612(1988)
([12], [23], [24], [25]) $D$ aubechnes






1. Daubecliies Bargmain -Fock ( )
2. $Da\iota\iota 1\supset eclincs$ Daubechnes
3. Daubechies
4. Daubeclties ( ,
)
Daubechies 1988 $D_{\mathfrak{c}}\backslash n$bechnes
([7])






-Rieffel $c*$ Von Neumann
( )
([14], [15])
1. Bargmann Bargmann $-$ Fock
Bargmann
$A_{n}(z, x)= \pi^{-n/4}\exp\{-\frac{1}{2}(z^{2}+x^{2})+\sqrt z\cdot x\}$ , $(z\in \mathbb{C}^{n}, x\in \mathbb{R}^{n})$ .
$A_{n}(z, x)$
$B( \psi)(z)^{def}=\int_{R^{n}}’\psi(x)A_{n}(z, x)dx$ , $(\psi\in L^{2}(\mathbb{R}^{n}))$ .
$\psi(x)$ Bargmann $B(\psi)$ $B(’\psi)(z)$ $z$
Bargmann $-$ Fock $BF$
$BF= \{g\in H(\mathbb{C}^{n}):\int_{\mathbb{C}^{1}},|g(z)|^{2}e^{-|z|^{2}}dz\wedge d_{\sim}^{\overline{\gamma}}<\infty\}$
Bargmann $\sim$ Fock $BF$





(1) $B_{ct1}\cdot b^{111})$aalln $L^{2}(\mathbb{R}^{71})$ Bargiitann $- F^{\urcorner}()\mathfrak{c}\cdot k$ $13\Gamma$
uiiit $\mathfrak{c}$lry( ) .
(2) Bargman11 $B^{-1}$ o
$B^{-1}(g)(.x:)= \pi^{-r\iota}\int\int_{\mathbb{C}^{?\iota}}g(z)\overline{A_{n}(\approx,.\iota:)}e^{-|\approx|^{2}}dz\wedge cl\overline{\approx}$, $((J\in BF)$
1.
$\phi_{p,q}(x)=\pi^{-14}e^{ipx}e^{-(x-q)^{2}/2}$
$B(\phi_{p,q})(z)=e^{zu|-|u\prime|^{2}/2+ipq\prime 2}$ , $(w= \frac{q+i_{I^{J}}}{\sqrt{2}})$
2.
(1) Bargmann $z= \frac{q+?\cdot P}{\sqrt{2}}$
$B(\psi)(z)=$
$\int_{R^{\iota}},’\psi(x)A_{n}(z, x)dx$
$=e^{ipq-|z|^{2}} \int_{R^{n}}\psi(x)e^{-1/2(x-q)^{2}}e^{ipx}dx$ , $(’\psi\in L^{2}(\mathbb{R}^{n}))$
(
)









$l_{1}[’|](.\iota\cdot)r_{2},$ $\ldots.l_{7l})=\Pi_{l}^{7l}=[|,(.\ddagger:_{i})$ , $[’\prime 7l]=(7’\prime_{1)}\ldots 7?_{71}I\in N’\}$
2(Hermite )
$f\iota_{0}(x)=\pi^{-1/4}e:\iota 1)(-x^{2}/2))$ (Coliereiit state )
$l \iota_{2}(x)=\pi^{-1/4}\frac{2x^{2}-1}{\sqrt{2}}exp(-:\iota^{2}/2)$ ,
1([3], [9])




$\pi^{-1/4}\exp\{-\frac{1}{2}(z^{2}+:r_{\text{ }}^{2})+\sqrt z\cdot x\}=\sum_{m=0}^{\infty}\sim\overline{\sqrt{m!}}h_{7n}(x)\sim^{m}$ ,
$(z\in \mathbb{C}^{1}, x\in \mathbb{R}^{1})$ .
$B$ arginann $A_{1}(z, x)$
3
(1) 1 2-(ii) $L^{2}(\mathbb{R}^{n})$
Hermite Bargmann -Fock
(2) Hermite Gelfand -Shilov
[22], [27]
Hermite





(i) $(- \frac{\acute{c}.)^{\underline{)}}}{\partial\iota^{\sim})}+.\iota:^{2}-1)^{[\downarrow\cdot,n}(.\iota)=77tl\iota,,l(.\iota\cdot)$ ,
(ii) $B(l|_{\gamma t})(z)=\overline{\sqrt{7ll!}}\approx^{\prime 71}$ , $(z\in \mathbb{C})$
(iii) $\mathfrak{F}(h_{7n})(tc)=(-i)^{m}h_{m}(\prime r_{\text{ }})$ ,
$\mathfrak{F}$
3([3], [9])
(i) $(B oL\circ B^{-1})g(z)=z\frac{\partial}{\partial_{\sim}^{\gamma}}g(z)$ ,
$(L=- \frac{\partial^{2}}{\partial x^{2}}+\alpha_{\text{ }}^{2}-1)$
(ii) $(B\circ \mathfrak{F}\circ B^{-1})g(z)=g(-iz)$ ,
$\mathfrak{F}$
$\backslash$










$\phi_{p_{7}q}(x)=\pi^{-n/4}e^{-ipx}\phi(x-q)$ , $(x, p, q\in \mathbb{R}^{7\iota})$ .
Weyl -Heisenberg ( )
$L^{2}(\mathbb{R}^{\eta})$ unitary ([9], [24]).
$\phi(.l_{\ovalbox{\tt\small REJECT}}^{\backslash })$
$\pi^{-Vt/4}e^{-x^{2}’ 2}$
$\pi^{-7\iota/4}\int\zeta\cdot\epsilon’\cdot f(.\iota\cdot)d.\iota:$, $(f(\backslash l:)\in L^{2}(\mathbb{R}^{r\iota}))$
72






$\pi^{-n/4}\int e^{-ipx}e^{-(x-q)^{2}’ 2}f(x)dx=<\phi_{p,q},$ $f>$
Gabor
4(Gabor [6], [12])
$f(x)=(2 \pi)^{-n}\int\int\phi_{p,q}(x)<\phi_{p,q},$ $f>dpdq$ .
5(Gabor [12])
$f(x)=(2 \pi)^{-7l}\int\int l\iota_{p,q}(x)<c_{p,q}Jf>dpdq$ ,
$<h,$ $g>=1$ , $(l\iota., g\in L^{2}(\mathbb{R}^{2_{71}}))$
4
(1) 4, 5 Resolution of Identity
(2) Bargamnn Gabor $($ $2-(1))$




$\phi_{p,q}(:c)=\pi^{-n’ 4}e^{ipx}e^{-(x-q)^{2}/2}$ , $(x,p, q\in \mathbb{R}^{n})$
$P_{F}(f)(:c)^{def}=(2 \pi)^{-71}\int\int F(p, q)\phi_{p,q}(:\iota:)<\phi_{p,q},$ $f>dpdq$ ,
73
$F(I),$ $q)\in L^{\rfloor}(\mathbb{R}^{2_{7l}}),$ $f\cdot(.\iota\cdot)\in L^{\sim})(\mathbb{R}^{7l})$ .
$F(7),$ $q)$ $Daul)ecliies$ $P_{F^{1}}$ .
5
(1) $D_{\dot{\mathfrak{c}}1}.n1)eclii\lrcorner$ , $P_{F}$ Gabor
$F(I),$ $q)$
(2) $F(f^{J}, q)=1$ $f(u\iota:)=P_{\Gamma}(f)(.|_{\ovalbox{\tt\small REJECT}})$
$F(p, q)=1\not\in L^{1}(\mathbb{R}^{2_{71}})$
Daubechies
$\chi_{S}(p, q)$ $\mathbb{R}^{2n}$ $S$ $\chi_{S}(p, q)$
Daubechies $P_{S}$
$P_{S}(f)(x)=(2 \pi)^{-n}\int\int\chi_{S}(p, q)\phi_{p,q}(x)<\phi_{\ddagger)},q’ f>dpdq$
$=(2 \pi)^{-\mathfrak{n}}\int\int_{S}\phi_{p,q}(x)<\phi_{p,q},$ $f>dpdq$ .
6([6]) $0<a<1$ $a$
$|( \phi_{p},{}_{q}P_{S}f)|\leq a^{-n/2}||f||_{L^{2}}\exp(-\frac{1-a}{4}d((p, q), S)^{2})$.






$F(p, q)\in L^{1}(\mathbb{R}^{2n}),$ $f(x)\in L^{2}(\mathbb{R}^{n})$
(i) $F(p, q)\geq 0$ $P_{F}$ .
(ii) $||P_{F^{\urcorner}}(f)||_{L^{2}}\leq(2\pi)^{-\gamma}t’ 2||f||_{L^{2}}||F||_{L^{1}}$ .
74
(iii) $T^{x_{F}}$
2 $([C]7[7])$ . $F(p, q)\in L^{1}(\mathbb{R}^{2_{7\mathfrak{i}}})$ $F(q),$ $q)$ 2
$(\rho_{i}, q_{j})$ , $(1 \leq\cdot i\leq 7?.)$ $i.c$ .
$F(t \int)1,$ $q_{1,\ldots I)_{7l}},$ $q_{7t})=\tilde{\Gamma^{f}}(7_{1^{\sim}}^{\cdot}),$
$\ldots,$
$r_{\eta}^{2})$ , $(7_{i^{2}}=p_{i^{2}}+c_{i^{2}}J,1\leq i\leq 71)$ .
(i) Hermite $h_{[m]}(x)$ Daubech,$ies$
$P_{F}(l\iota_{[7’\iota]})(:I_{\text{ }}^{\cdot})=\lambda_{[\prime}l?71]\cdot[?\mathfrak{l}|.](:\iota^{\tau})$ , $([m]\in \mathbb{N}^{r\downarrow})$ ,
(ii) $\lambda_{[\gamma n]}$





$\lambda(z)=\frac{1}{\Gamma(\approx+1)}\int_{0}^{\infty}e^{-s}s^{z}\tilde{F}(2s)ds$ , $(Re(z)>-1)$ .
$\Gamma(z)$ Euler( ) $\Gamma$ ( )
8
(i) $\exists C>0,$ $s.t$ .
$| \lambda(\approx)|\leq\frac{G}{\sqrt{|z|}}e^{\frac{\pi}{2}|Im(\approx)|}$ , $(Re(z)>0)$
(ii) $\lambda(z)$ $Re(z)>0$ .




(i) $\Gamma$ Sti7li7’g( )
$(i_{1^{f}})$ Carlson( )
Carlson ([5], [18])
(1) $f\cdot(z)$ $Re(z)>0$ .
(2) $|f(z)|\leq C!e^{a.r+b|y|},$ $(z\in \mathbb{C},:\iota:>0)$
(3) $f(\uparrow?.)=0$ $(\uparrow?=1,2,3, \cdots)$
$0\leq b<\pi$ $f(z)$ .
7
(1) siii $\pi z$ Carlson (1), (2), (3)
, $\sin\pi z$
$\sin\pi z$ $b=\pi$ Carlson
$0\leq b<\pi$ .
(2) Fritz Carlson








6. Daubechies ( $Z$ )
Daubech.ies $\{\lambda_{[7’?]}\}$ , $\Lambda(w)=\sum_{[J’ J]=0}^{\infty}\lambda_{[\gamma r\iota]}c\iota^{[7n]}$’
76
$\Lambda(bl1))$ Daubechies .
(i) $F(p, q)\in L^{1}(\mathbb{R}^{2\tau\iota})$ .
(ii) $F(p, q)$ 2
$i.e$ . $F(p_{1}, q_{1}, \ldots p_{n’ j}c_{n})=\tilde{\Gamma\forall}(r_{1^{2}}, \ldots, r_{r\iota^{2}})$ , $(r_{i^{2}}=p_{i^{2}}+q_{i^{2}}, 1\leq i\leq n)$ .
10
$\lambda_{[m]}$ $P_{F}$
(i) $\exists C>0s.t$ .
$| \lambda_{[m]}|\leq\frac{C,}{\sqrt{|m|}}$ , $([m]\in \mathbb{N}^{n})$ .
(ii) $\Lambda(w)$ $\Pi_{i=1}^{n}\{w\in \mathbb{C}^{n}:|’\iota v_{i}|<1\}$ .
(iii) $\Lambda(w)=\int_{0}^{\infty}\cdots\int_{0}^{\infty}\Pi_{i=1}^{7l}e^{-s_{i}(1-w_{i})}\tilde{F}(2s_{1}, \ldots, 2s_{n})ds_{1}\ldots ds_{n}$.
(iv) $\Lambda(w)$ $\Pi_{i=1}^{n}\{w\in \mathbb{C}^{n}:Re(w_{i})<1\}$
.
(v) $\Lambda(iv)\in C_{0}(\mathbb{R}^{n})$ , $(v\in \mathbb{R}^{n})$ .







Stirling . $m!\sim\sqrt \mathbb{T}n\iota e^{-m}m^{m}$ ,





$\Lambda(\iota\iota’)=\sum_{ln=0}^{n}\lambda_{ll)=\sum_{1n=0}^{\infty}\frac{\uparrow l^{1^{\uparrow\prime\}}}}{71\iota!}}^{7tl}\}\oint_{0}^{-u}\epsilon\cdot\cdot.\backslash \cdot\tilde{F}(2.s\cdot)(l\backslash s\cdot=$





$\Lambda(i^{J}\iota’)$ $L^{1}-$ , Riemann-Lebesgue
( ) $G_{0},(\mathbb{R}^{n})$
11 $F\in L^{1}(\mathbb{R}^{1})$ i.e.
$F(p_{1}, q_{1})=\tilde{F}(r^{2})\geq 0$ , $(p_{1^{2}}+q_{1^{2}}=r^{2})$
liin $\sup_{marrow\infty}\lambda_{7n}^{1’\gamma\eta}=1$ $w=1$ $\Lambda(1t^{1})$
( ) $F$ , $P_{F}$ ( 2).
$P_{F}$ $\lambda_{m}$
Cauchy$\sim$Hadamard( )
$\sum_{7t1.=0}^{\infty}\lambda_{n}w^{\prime n}$ 1 . vanti(
) , $w=1$ $\Lambda(w)$
12 $F(p, q)$ $L^{1}$ -
$a>0,$ $C>0$
(i) $| \lambda_{m}|\leq\zeta 1\frac{a^{rr\iota}}{7\eta.!}$ , $(m$. $\in \mathbb{N}^{n})$
(ii) $\Lambda(w)$
$|\Lambda(w)|\leq Ce^{au}$ , $(’\{\iota)=u+\cdot i.v\in \mathbb{C}^{n})$ .
( ) $7?\cdot=1$ .
$F(p, q)$ , 2 (ii) , $a$









$\lambda_{7\eta}=a^{7n+1}$ , $\lambda(z)=a^{z+1}$ , $\Lambda(w)=\frac{c\iota}{1-a\{\downarrow)}$ ,





$\tilde{F}(2s_{1}, \ldots, 2s_{n})=(2\pi)^{-n}e^{s_{1+\cdots+S_{71}}}\int e^{-ivs}\Lambda(iv)dv$ ,
( ) $10-(\prime iii)$ ,
$\Lambda(iv)=.1_{0}^{\infty}\int_{0}^{\infty}e^{-s_{k}\cdot(1-iv)}\tilde{F}(2s_{1}, \ldots, 2s_{7l})ds_{1}\ldots ds_{n}$ .
$\Lambda(li,v)$ $e^{-s}\tilde{F}(2s)$ .
$\tilde{F}(2s)$ $L^{1}$ - . $e^{-s}\tilde{F}(2s)$ .






$\hat{F}(2,s)=(2\pi)^{-r\iota}c^{s}\mathfrak{F}(\Lambda(iv))(s)$ , $(s\in \mathbb{R}_{+}^{n})$
.








4( $\lambda(z)$ $\tilde{\Lambda}(\zeta)$ [2], [18])
$\lambda(z)=\frac{-1}{2\pi\cdot i}\int_{\partial D_{\epsilon}}\tilde{\Lambda}(\zeta)\zeta^{-z-1}d\zeta$
$D_{\epsilon}= \{\zeta\in \mathbb{C}:|arg(\zeta)|\leq\frac{\pi}{2}+\epsilon,$ $|\zeta|\leq\epsilon,$ $\epsilon>0\}$
7. Daubechies Bargmann $-$ Fock
1([3])













$P_{F}(f)(x)= \frac{1}{2\pi}\int\int F(p, q)\phi_{p,q}(x)<\phi_{p,q},$ $f>dpdq$ ,
$= \frac{1}{2\pi}\int\int F(p, q)\phi_{p,q}(x)<B\phi_{p,q},$ $Bf>dpdq$ ,
1 ,
$BoP_{F}(f)(z)$
$= \frac{1}{2\pi}\int\int F(p, q)B\phi_{p,q}(z)<B\phi_{p,q},$ $Bf>dpdq$ ,
$= \frac{1}{2\pi}\int\int F(p, q)e^{zu-1/2|w|^{2}+1/2ipq}<)B\phi_{p,q},$ $Bf>dpdq$ ,
$(BoP_{F}oB^{-1})(g)(z)$
$= \frac{1}{2\pi}\int\int F(p, q)e^{zw-1’ 2|u|^{2}+1/2ipq}<B\phi_{p,q},$ $g>dpdq$ ,
1 ,
$<B\phi_{p,q},$ $g>$
$= \frac{1}{2\pi}\int\int e^{t?\overline{A}|-1\prime 2|u|^{2}-1/2ipq}g(t)e^{-|t|^{2}}dtd\overline{t}$ ,
$=e^{-1\prime 2|\tau\iota\prime|^{2}-1/2ipq}g(\varpi)$
81





2([6]). $F(p, q)\in L^{1}(\mathbb{R}^{2n})$ $F(p, q)$ 2
$i.e$ .
$F(p_{1}, q_{1}, \ldots p_{n}, q_{n})=\tilde{F}(r_{1^{2}}, \ldots, r_{7\mathfrak{l}}^{2}),$ $(r_{i^{2}}=p_{i^{2}}+q_{i^{2}},1\leq i\leq n.)$ .
(i) Hermite $h_{7n}(x)$ Daubechies $\circ$
$P_{F}(h_{1^{\gamma r\iota]}})(x)=\lambda_{[m]}h_{[m]}(x)$ , $([7\eta.]\in \mathbb{N}^{n})$ ,




$= \frac{1}{2\pi\cdot i}\int\int_{\mathbb{C}}F(2|w|^{2})e^{\sim}\overline{l1^{1}}w^{\gamma}ne^{-|u;|^{2}}dcn\wedge d\varpi$,
$e^{z}\varpi$ $\iota v=re^{i\theta}$ $s=r^{2}$
,
$=z^{m} \frac{1}{n?.!}\int_{0}^{\infty}e^{-s}s^{m}\tilde{F}(2s)ds$.
$(B \circ P_{F}\circ B^{-1})(z^{m})=z^{\gamma\eta}\frac{1}{71\iota.!}\int_{0}^{\infty}e^{-s}s^{m}\tilde{\Gamma^{\tau}}(2s)ds$ .
$2-(ii)$ Daubechies
2
(i) $P_{F}(h\}7\})(.\iota\cdot)=\lambda_{l’ l}l_{1_{rr1}}.(.\iota,\cdot)$ , $(\cdot,71\in \mathbb{N})$ ,
82
$(i.i)$ $\lambda_{r\iota}=\frac{1}{71l!}.[o^{\infty}c^{-.\}s^{\gamma\gamma l}\tilde{\Gamma^{4}}(2.\backslash )(l.s$
$P_{F}$
6 $\Gamma^{i}(p, q)$ 2











$(B \circ P_{F}oB^{-1})(g)(z)=(B\circ P_{F}oB^{-1})(\sum_{7\gamma\iota=0}^{\infty}a_{7n}z^{m})=$
$\sum_{7tt=0}^{\infty}a_{n}\lambda_{7n}z^{77l}=(2\pi i)^{-1}\oint g(t)\Lambda()\frac{d.t}{t}\approx\overline{t.}$.
83
$(B \circ P_{F}\circ B^{-1})(g)(z)=(2\pi i.)^{-1}\oint g(t)\Lambda()\frac{dt}{t}\approx\overline{t}.$ .
( 3 )
3–(i) 6
$(B oP_{F}oB^{-1})(z\frac{\partial}{\partial_{\sim}^{\gamma}}g)=(2\pi i)^{-1}\oint t\frac{c?}{\partial t}g(t)\Lambda(-)\frac{dt}{t}\approx t..=$
$(2 \pi i)^{-1}\oint^{(}\frac{?}{\partial t}g(t)\Lambda(-)\frac{dt}{t}\approx t.\cdot$
$\{L^{b}B$ ,
$z \frac{\partial}{\partial_{\sim}^{\gamma}}(B\circ P_{F}oB^{-1})(g)(z)=(2\pi i)^{-1}\oint g(t)\frac{s_{\sim}^{\gamma}}{t^{2}}\Lambda(\frac{\sim\gamma}{t})dt=$
$(2 \pi i)^{-1}\oint g(t)(-\frac{\partial}{\partial t})\Lambda(-)\frac{dt}{t}\sim t\gamma.=(2\pi i)^{-1}\oint\frac{\partial}{\partial t}g(t)\Lambda(-)\frac{dt}{t}\sim t\gamma$.
( 4 )
$3-(ii)$
$(B oP_{F}oB^{-1})(g)(iz)=(2\pi i)^{-1}\oint g(t)\Lambda(\frac{\uparrow_{\sim}^{\gamma}}{t})\frac{dt}{t}$
,
$(2 \pi i)^{-1}\oint g(-it)\Lambda(-)dt\approx t=(2\pi i)^{-1}\oint g(s)\Lambda(\frac{z}{is})\frac{ds}{s}=$
$(2 \pi\cdot i)^{-1}\oint g(t)\Lambda(\frac{-\prime.i\approx}{t})\frac{d.t}{t}$
Daubechies $P_{F}$
3 Daubechies
$F_{a}(p, q)=e^{\frac{a-1}{2a}(P^{2}+q^{2})}=e^{\frac{a-1}{2c\iota}?^{2}}.$ , $(0<a<1)$
$\lambda_{\gamma\gamma\iota}=a^{\tau n+1}$ , $\Lambda(\uparrow v)=\frac{a}{1-aw}$ .
$P_{F_{a}}(h_{\gamma n})(x)=a^{m+1}h_{771}(x)$ .
1 $P_{F_{a}}$
$P_{F_{o}}= \sum_{771=0}^{\infty}a^{\gamma n+1}h_{rn}(x)h_{n}(y)$ .
84
$(P_{F_{cl}}= \sum_{77l=0}^{\infty}a^{7n+1}|h_{m}><l\iota_{l7l}|$ , Dirac . $)$
$c\iota=2^{-}1$ , $P_{\Gamma_{a}}$ Schatten( )
([10]), [11] $)$ .
13 (Mehler( ) [9],[23])




(ii) $a\in \mathbb{C},$ $|a|<1$
$P_{F_{a}}:L^{2}arrow L^{2}$
( ) (i) Mehler




$P_{F}$. (Z) Bargmann- Fock t Fdi tc es et 5 IR
14
(i) $B oP_{F_{a}}oB^{-1}=\sum_{m=0}^{\infty}a_{\overline{\sqrt{7n!}}}^{m+1^{\wedge}}\frac{\overline{u\prime}^{7n}}{\sqrt{m!}}\vee^{\gamma n}$.




$13\circ I_{F_{o}^{!}}^{j\supset}\circ J_{-}t^{-1}$ $\overline{\sqrt{n?!}}\approx^{\prime rt}$ .
$B oP_{F_{o}}oB^{-1}=\sum_{1\gamma\iota=0}^{x}(\iota_{\overline{\sqrt{7l?!}}}^{\prime\prime+1^{v^{\prime\prime 1}}}\frac{\prime 1\overline{t})^{\prime 1l}}{\sqrt{l7\iota!}}\sim$ .
$B\circ P_{F_{o}}oB^{-1}=e^{c\iota z\overline{?l|}}$
15 $|a|<1$
$(BoP_{F}$ $oB^{-1})(g)(z)=ag(az)$ , $(g\in BF)$ .
( ) 3
$(BoP_{F}$ $oB^{-1})(g)(z)=(2\pi i)^{-1}\oint g(t)\Lambda(-)\frac{dt}{t}=\sim t\gamma$
$(2 \pi i)^{-1}\oint g(t)\frac{a}{t-az}dt=ag(az)$ .
16 $f\in L^{2}$
(i) $aarrow 11i_{l}nP_{F_{a}}(f)=f$ ,
(ii) $aarrow-i1i_{l11}P_{F_{a}}(f)=(-i)\mathfrak{F}f$ ,
(iii) $\lim_{aarrow i}P_{F_{a}}(f)=i\mathfrak{F}^{-1}f$ ,
$\mathfrak{F}$
( )
(i) $aarrow 0aarrow 11i111(BoP_{F_{a}}oB^{-1})(g)=1in1ag(az)=g(z)$ .
$aarrow 11i_{l}nP_{F_{a}}$ .
(ii) $\lim_{aarrow-i}(B\circ P_{F_{o}}\circ B^{-1})(g)=1inuag(az)=aarrow-i(-i)g(-iz)$ .
1 (v) , $\lim_{aarrow-i}P_{F}$ $=$ (-i) .
(iii) (ii) .
17
$G=\{PF_{a}:a\in \mathbb{C}, |a|<1\}\cup\{I_{d}\}$ :
$P_{F_{t}},$ $oP_{F_{0}}=F_{F_{(\prime l}}^{J},\cdot$
86
( ) 14 ,
$(B\circ P,_{Cl}^{T},\circ B^{-1})((J)(\wedge\sim)=(\iota cJ((\iota z),$ $g(z)\in BF$





$\{a\in \mathbb{C}$ : $|a|<1\}$ $|a|=1$ 3 :
(i) $a=1$ , , $\Gamma_{0}\forall(p, q)=1$ .
$P_{F_{0}}$ .
(ii) $a=+i$ , , $F_{i}(p, q)=e \frac{(1+i)(1^{y^{\sim}}+q^{2}))}{2}$
$iP_{F_{-1+i}}$ .
(iii) $a=-i$ , , $F_{-i}(p, q)=e \frac{(1-i)(p^{2}+q^{\sim}))}{2}$
$(-i)P_{r_{-i}}$ .
, $F_{a}(p, q)\not\in L^{1}$ $L^{2}$
$L^{2}$ .






$P_{F_{\alpha}}(f)(x)= \frac{1}{\sqrt{2\pi ie^{it}(si_{I1}t)}}\int_{\mathbb{R}^{e^{i(x^{2}+y^{2})-\frac{i}{bi}AL}}}\cot t_{ut}^{x}f(y)dy$
$= \frac{C^{\lrcorner^{\frac{ix^{2}}{2}\mathfrak{c}:ott}}}{\sqrt{2\pi ie^{it}(si_{11}t)}}\mathfrak{F}(e\sim-\cot tf(y))(\frac{:r,}{\sin t})\underline{i}_{2_{o}^{\sim}}^{9}$ .
$f\in L^{2}$ , $e^{\frac{?}{2}\cot ty^{2}}f(y)\in L^{2}$
(Plancherel) , $P_{F_{a}}$ $L^{2}$ $L^{2}$ .
$P_{F_{Cl}}$ $P_{F_{b}}$ , $(b==\overline{a})\underline{1}$ .
$a\in\partial A$ , $b$ $\partial A$ .
Daubechies
87
$P_{l_{(l}^{^{\backslash }}}$ $(.f \cdot)(.l\cdot)=\frac{1}{\sqrt{2\pi je^{i\prime}(\sin t)}}1_{\mathbb{R}}\underline{)}.-\frac{1\Gamma}{si_{1}}1\lrcorner_{-}^{1}.’(()’$
$= \frac{C^{\frac{ll2}{2}(()}tt}{\sqrt{2\pi je^{ii}(si_{11}t)}}\mathfrak{F}(e^{l1}\lrcorner 2^{-\cot}{}^{t}f(y))(\frac{1_{\text{ }}}{si_{11}t})2.\cdot$ .










$f(.c)=g(x)$ $W(f, f)(p, q)$ $W(f)(p, q)$
Wigner
18 ([20])
(i) $It^{f}(f)(R_{t}(p, q))=W(P_{F_{a}}(f))(p, q)$ , $a=e^{it}$
$R_{t}$ : ( )
$Cl,$
$=e^{i\frac{\pi}{2}}=\sqrt{-1}$
$(\cdot ii)$ $\text{ ^{}\Delta}(f\cdot)(-q,$ $p))=M^{[}(\mathfrak{F}(f))(p,$ $q)$ ,
9
$18-(ii)$ Wigner Sobolev( )
([13])
88
Schr\"odiiiger( ) Bloch( )
19 $/\iota\iota(:r_{\ovalbox{\tt\small REJECT}}, t)=f_{\Gamma_{it},(}^{y}.(f)(.|_{\ovalbox{\tt\small REJECT}})$ , $(f\in L^{2})$
(i) $u(.r_{\ovalbox{\tt\small REJECT}}, t)$ Sclir\"odinger
$-i \frac{\dot{c}^{-})c\iota(x\}t)}{\partial t}=(-\frac{\partial^{\prime.2}}{c9_{I_{r}^{2}}}+:r^{2},)u(x, t)$
(ii) $\lim_{tarrow 0}\tau\iota(x, t)=f(x)$
( )
Bargmann . $u(x, t)$ Bargmann




$-i \frac{\partial_{l^{f}}}{\partial t}=v+\approx\frac{\partial_{t\prime}}{\partial\sim}$ .
$3-(i)$ .’
$-i \frac{\partial u(x,t)}{\partial t}=(-\frac{\partial^{2}}{\partial \text{ }.\tau^{2}}+x^{2})u(x, t)$
20 $u(x, t)=P_{F_{e^{-t}}}(f)(x)$ , $(f\in L^{2}, t>0)$
(i) $u(x, t)$ Bloch (Hermite )
$\frac{\partial e\iota(x,t)}{\partial t}=(-\frac{\partial^{2}}{\partial x^{2}}+x^{2})u(x, t)$
(ii) $\lim_{tarrow 0}u(x, t)=f(x)$
19 .
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